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ABSTRACT

Oligonucleotide microarrays have become a valuable tool in understanding the
mechanism of toxicity of chemical warfare agents. However, several model organisms used in
the study of chemical warfare agent toxicity are not widely used as genetic models in molecular
and cellular biology. These include guinea pigs and swine, which are used in the study of
chemical warfare nerve agents and vesicants, respectively. To address this gap in research tools,
we have developed an oligonucleotide microarray that contains representative genes from guinea
pig (Cavia porcellus) and swine (Sus scrofa). This oligonucleotide array (genechip) has been
designed, produced and tested and is now available as a research tool for investigators seeking to
understand the molecular responses to chemical warfare agents to facilitate the development of
medical countermeasures against these agents.
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INTRODUCTION

Recent advances in cDNA and oligonucleotide microarray technology have spawned a new
subdiscipline in toxicology—toxicogenomics. Toxicogenomics is focused on identifying
changes in gene expression in response to a toxic chemical and then using that information to
understand mechanisms of toxicity (Orphanides, 2003). Recently, these approaches have been
utilized to understand the mechanisms of toxicity of chemical warfare agents (Blanton et al.,
submitted; Dillman et al., manuscript in preparation). The vast majority of DNA microarrays
have been developed for use with well-characterized model systems, particularly rat and mouse
in addition to other eukaryotic species such as Drosophila, C. elegans, zebrafish, and yeast.

Several non-traditional model organisms are employed in chemical warfare agent research.
The two most notable models are the guinea pig (Cavia porcellus) and swine (Sus scrofa). C.
porcellus is a model organism for studies of nerve agent exposure because its susceptibility to
nerve agent toxicity more closely resembles the sensitivity of primates, and presumably of
humans, than does that of rodent (Maxwell et al., 1987). S. scrofa is used as a model organism
for vesicant studies (Graham et al., 2002; Sabourin et al., 2002) because its skin resembles
human skin in physiology. One of the major drawbacks to using these two organisms as models
has been the lack of tools available to study changes in gene expression in these animals after
agent exposure. This is in contrast to mouse and rat, which have completely or nearly
completely sequenced genomes, but are not good animal models for the study of nerve agent
exposure due to their increased resistance to the G-class of nerve agents compared with primates
(Maxwell et al., 1987), or of exposure to vesicants due to differences in inflammatory responses
and problems associated with hair follicles (Papirmeister, 1991).

To address this gap in technology, we have developed a novel research tool that will enhance
the capabilities of researchers utilizing C. porcellus and S. scrofa as model organisms to
understand the mechanisms of toxicity of chemical warfare agents. In collaboration with
Affymetrix, we developed an oligonucleotide microarray (genechip) that contains representative
genes of both C. porcellus and S. scrofa. The development of this genechip will allow
researchers to harness the power of genomic technologies for the purpose of understanding the
toxicity of chemical warfare agents in guinea pigs and swine.

MATERIALS AND METHODS
Gene Database Searches

Genes were extracted from the National Center for Biotechnology Information (NCBI)
nucleotide database (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Nucleotide). We
queried the NCBI database for guinea pig genes using the keyword “Cavia porcellus™ and for
swine genes, using the keyword “Sus scrofa.” The returned lists were downloaded and inspected
for incorrect species results. These were removed from the lists. Cavia cobaya genes were
allowed to remain as part of the final list submitted for oligonucleotide array design since cobaya
is an alternative species name.



Oligonucleotide Array Design

Detailed descriptions of the methods used in the design and production of the guinea pig and
swine oligonucleotide array can be found on the Affymetrix website at
https://www.affymetrix.com/support/technical/other/custom design manual.pdf

Isolation of Guinea Pig Liver RNA and Testing of Oligonucleotide Arrays

Frozen guinea pig liver was homogenized in Tri Reagent (Sigma-Aldrich, St. Louis, MO)
and the RNA extracted according to the manufacturer’s protocol
(http://www.sigmaaldrich.com/sigma/bulletin/t9424bul.pdf). RNA was further purified using
RNeasy columns (Qiagen, Valencia, CA). The quality and amount of RNA was monitored
throughout processing with Agilent Bioanalyzer (Agilent, Palo Alto, CA). Purified RNA was
used to prepare biotinylated target RNA, with minor modifications from the manufacturer’s
recommendations (http://www.affymetrix.com/support/technical/manual/expression_manual.affx).
Briefly, 10 pg of mRNA was used to generate first-strand cDNA by using a T7-linked oligo(dT)
primer. After second-strand synthesis, in vitro transcription was performed with biotinylated
UTP and CTP (Enzo In Vitro Transcription Kits from Affymetrix, Santa Clara, CA), resulting in
approximately 100-fold amplification of cRNA. The target cRNA generated from each sample
was processed as per manufacturer's recommendation using an Affymetrix GeneChip Instrument
System (http://www.affymetrix.com/support/technical/manual/expression_manual.affx). Briefly,
spike controls were added to 15 pg fragmented cRNA before overnight hybridization using 10

g. Arrays were then stained with streptavidin-phycoerythrin and washed before being scanned
on an Agilent GeneArray Scanner. After scanning, array images were assessed by eye to
confirm scanner alignment and the absence of significant bubbles or scratches on the chip
surface. Details of quality control measures are reported in the Results.

Data Analysis

Scanned output files from each array were inspected for quality control measures and then
processed using Affymetrix Microarray Suite (v 5.0), Affymetrix MicroDB (v3.0), and
Affymetrix Data Mining Tool (v3.0) as described (http://www.affymetrix.com/index.affx).
Arrays were scaled to an average intensity of 150 (TGT=150). The raw data were imported as a
comma separated values (.csv) file into Partek Pro 5.0 (Partek, St. Louis, MO). The raw data
were normalized by the addition of a constant (c=1) followed by log transformation (log base 2).



RESULTS

We mined the NCBI Genbank and found several hundred sequenced genes that are specific
for C. porcellus or S. scrofa. We extracted these genes and compiled them into a guinea pig
gene database and a swine gene database for our use (Tables 1 and 2). These gene databases
were analyzed, and we determined that these databases were of broad scope, representing a wide
variety of genes of various classes and functions, and would be useful in toxicological screening.
This preliminary information provided the basis for design of a combination guinea pig/swine
oligonucleotide microarray. Based on the number of genes we wished to put on an array, an 18-
micron feature size was chosen, with a synthesis area of 3.7 mm, for production of the
oligonucleotide microarray (genechip). We analyzed each guinea pig and swine gene sequence,
determined the quality of the sequence, and designed probe sets for the custom genechip (see
Materials and Methods for details). Appropriate control sequences were chosen for each species
and included in the genechip design (Tables 3 and 4). The final chip design incorporated 267
guinea pig probe sets (217 unique; 45 identical [_s]; 5 mixed [ x]) and 859 swine probe sets (661
unique; 170 identical [_s]; 28 mixed [ x]). Each probe set consists of 13 probe pairs per
sequence (a small number consist of 8 probe pairs). More detailed information on the parameters
of each probe set is available as part of the genechip library database at the USAMRICD
Affymetrix Core Facility. We utilized the expertise of the Custom Development Team at
Affymetrix in the design of the array. After completion of the initial array design, we utilized
Affymetrix’s expertise and production facilities to manufacture the guinea pig/swine genechip to
our specifications. An initial lot of 90 chips was produced. This chip design is now on file at
Affymetrix, and additional chips can be ordered on an as-needed basis.

The first chip was tested using guinea pig liver RNA. The chip performed to specifications,
with quality control measures within acceptable parameters (Table 5). The scanned image of the
array revealed a satisfactory scan with all control features (chip name, checkerboard border,
checkerboard corers) performing as expected (Figure 1).

DISCUSSION

Oligonucleotide microarrays (genechips) have allowed researchers to monitor the expression
level of hundreds or thousands of genes simultaneously. This information allows one to gain a
molecular snapshot of responses to chemical exposure and provides important information about
the mechanism of toxicity of a chemical of interest. Recently, these approaches have been
applied to understand the mechanisms of toxicity of chemical warfare agents. Scientists
investigating vesicants and nerve agents frequently utilize non-traditional animal models. This
often places constraints on the application of genechip technology to these problems, since
guinea pig or swine genechips are not commercially available. We have attempted to fill in this
technological gap by designing and producing a genechip specific for guinea pig and swine. We
extracted gene sequences for guinea pig and swine from public gene databases and used this
information to design a genechip microarray in consultation with the Custom Design Team at
Affymetrix. The majority of our efforts involved determining what gene sequences were
appropriate for inclusion on the genechip based on criteria developed by Affymetrix for what
sequenes would yield informative data. During the process of selecting genes to include in the
chip design, we found redundancy of a number of sequences deposited in GenBank. This led us



to believe initially that we had more unique sequences to include in the chip design than were
ultimately included in the final design. In future chip designs, this point should be taken into
consideration when estimating the number of genes that may be used in a proposed chip design.

The genechip has been tested with guinea pig samples and performs as expected. This now
opens a new avenue of investigation with these animal models. It should be noted that the
guinea pig/swine genechip is not comprehensive since only a few hundred genes have been
sequenced for each organism. Neither guinea pig nor swine have been chosen as organisms for
genome sequencing projects, although there is a consortium exploring the possibility of
sequencing the swine genome. Nonetheless, these genechips should prove to be valuable tools in
understanding the mechanisms of toxicity of chemical warfare agents in non-traditional animal
models. These genechips will also aid in comparing data obtained using these animal models
with data obtained in other species (e.g., mouse, non-human primate). Future studies are being
planned to develop a genechip reference database that will allow comparison of molecular
responses to chemical wartare agent exposure across all animal models utilized in chemical
warfare agent research. This should provide valuable data that will enhance our ability to deduce
the effects of chemical warfare agents in humans and will advance our ability to determine the
efficacy, in humans, of potential countermeasures that have been tested in other species.
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Figure 1. Image file from scanned guinea pig oligonucleotide array probed with
guinea pig liver RNA.
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